The mechanical alloying (MA) procedure was used to synthesize the Ni50Al50 and Ni50Al45Mo5 nanocrystalline intermetallic compound using the pure Ni, Al and Mo elemental powdersunder in an argon atmosphere for different times (8, 16, 48, 80 and 128 h) in a planetary ball mill with hardened steel balls (12 balls-1cm and 4 balls-2cm in diameter). The mechanical alloying was carried out in the attendance of various Mo contents as a micro-alloying element for various milling times.Microstructural characterization and structural changes of powder particles during mechanical alloying were studied by X-ray diffraction (XRD), scanning electron microscopy (SEM), and transmission electron microscopy (TEM). Outcomes confirmed that the synthesis behavior of NiAl intermetallic depends on the milling time and Mo content. The results show that after than80hof milling, the intermetallic phase is produced after opening the vial lid. X-ray map shows that, in the fixed milling time, enhancingthe Mo content leads to acceleration in the NiAl formation in air atmosphere. The mechanical alloyed powders have a microstructure consisting of nanometer size particles. Mo enhance has a considerable effect on the lowering of crystallite size. The TEM image showed that the Ni50Al45Mo5nano-particles were less than 10 nm.The average grain size is smaller than those sizes obtained in the NiAl (25-35 nm) alloy.
Introduction
The NiAl intermetallic compound offers a combination of attractiveproperties similar in high specific strength, high melting point,excellent oxidation resistance up to 1573K and good thermal conductivity [1, 2] .
These attractive propertiesmake the NiAlcompounda potential candidate for structural applications.
Nonetheless,lowductilityat room temperature is the major limitation for the structural applications of this material. One way forimproving its ductilityis to diminish the crystallite size to the nanometer scale [3] .
Mechanical alloying is a solid state proced ureroute which can be employed for the synthesis of nanocrystalline intermetallics.
Synthesis of nanocrystalline nickel
aluminide by MA elemental powders hasbeen reported in several works [1, 4, 5] .
Mechanical alloying can provide all the above-mentioned points simultaneously;
therefore, this technique has been extensively applied to synthesize NiAl intermetallic. Though extensive researches have been carried out on these alloys, new investigations still continue to disclose attractive properties of the NiAl alloy system [6] [7] [8] .Mechanical alloying has been successfully applied for making nanocrystalline materials. Many researchers have reported making nanocrystallineNiAl intermetallic compound by mechanical alloying [9] [10] [11] [12] . Atzmon [13] was the first to reportthe occurrence ofmechanically produced self-propagatingreaction (MSR)
during the mechanical alloying of Ni and
Alpowders. Joardaret al. [5] also reported theobtaining of the NiAl compound without the occurrence of a MSR; also,the authors specified the optimum milling parameters and energydomains for synthesis of nanocrystalline nickel aluminide by mechanicalalloying in planetary mill.
Kubaski et al. [14] also verified that the occurrence of a MSR, and the NiAl intermetallic compound was found in 
Materials and Methods
The starting materials used in this study include high purity Ni, Al and Mo powders with particle size of <10, <200 and <150 μm, respectively.MA was done in a Fritsch- 
Results and discussion
The following aspects can be interpreted from theX-ray diffraction patterns of milled Ni50Al50 and Ni50Al45Mo5powder mixtures after different milling times:
1. AllX-ray diffraction patterns illustrate that the nickel aluminide intermetallic diffraction peak as the only phase existence in the final product.
The X-ray diffraction patterns just vary together in (a): peaks intensity and (b):
change in peaks positions. compound would be produced after stopping the milling procedure and opening the vial lid,in effect, by an exothermic reaction in the air atmosphere followed by a flame. These specimensare marked with ■ and ▲ symbols in Table 1 . As Table 1 represents, the mentioned possibilities depend on milling time as well as the Mo contents. According to Table 1 
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A cross-sectional X-ray diffraction pattern related to the most intense peak of Ni is drawn in Fig. 2 Table 1 ). Therefore, change in Al peaks positions is only due to severe plastic deformation and the production of many defects resulted from milling media. https://orcid.org/0000-0002-4622-5606
